In some regions of Slovakia, black alder forest vegetation has not been documented appropriately yet. This paper is the first vegetation study presenting the phytosociological data and measured environmental parameters from the western part of central Slovakia. The data set was classified by using a modified TWINSPAN algorithm, which allowed us to discern floristically and ecologically distinctive plant communities. They correspond to the associations Stellario nemorum-Alnetum glutinosae Lohmeyer 1957 (riparian alder vegetation on mesic to humid sites along small brooks) and Carici acutiformis-Alnetum glutinosae Scamoni 1935 (eutrophic black alder carr forests in the colline zone) with the variants of Ligustrum vulgare and Galium palustre. The community Carici elongatae-Alnetum glutinosae Schwickerath 1933 (mesotrophic to eutrophic alder carr vegetation growing on permanently waterlogged soils), documented only with two phytosociological relevés, was distinguished following expert knowledge. A floristic and ecological pattern of these associations is presented. The major compositional gradients were interpreted based on Ellenberg's indicator values and the values of environmental variables recorded during the field sampling in the growing season 2011. The principal component analysis revealed the importance of soil moisture, light availability, portion of open water and soil surface for species composition variability at the association level, whereas the variants of Carici acutiformis-Alnetum glutinosae were sorted along the acidity gradient. Key words: Alnion glutinosae, Alnion incanae, Ellenberg indicator values, forest vegetation, soil variables, syntaxonomy.
INTRoDUCTIoN
Forest vegetation with dominance of black alder (Alnus glutinosa (L.) Gaertn.) is common on swampy soils with high groundwater table, or it creates more mesophilous stands in alluvial zones along rivers and brooks (oberdorfer 1953 , Douda 2008 , Ellenberg 2009 , Sburlino et al. 2011 . The understorey of these forests in general consists of species having diverse moisture-requirements. It is composed of either mesophilous forest plants or marshland and wet species. Apparent environmental differentiation, considerable floristical variability and inconsistent physiognomy indicate existence of various alder forests with different syntaxonomical positions. At the level of phytosociological alliances, the major types of alder vegetation include hygro-or meso-hygrophilous streamside forests (Alnion incanae, class QuercoFagetea) and alder carr forests (Alnion glutinosae, class Alnetea glutinosae).
The syntaxonomical concept of two separate alliances has also been recognized in the central Slovak synthesis (Slezák et al. 2013 ) representing a preliminary revision of alder vegetation in Slovakia. It uses a more formalized classification method (cf. Chytrý 2000) and provides further evidence for uneven distribution of phytosociological material in Western Carpathians. Except for few vegetation analyses (šomšák 1961 , kár-páti et al. 1963 , Miadok 1978 , Balázs 1996 , most of the relevés collected in the past were published in local studies containing not only data of alderdominated forests (e.g. Berta 1970 , Neuhäuslová-Novotná 1970 , kontriš 1981 . Recently, there has arisen an increased interest in many aspects of their syntaxonomy and synecology (šomšák 2000 , kollár et al. 2005 , Hrivnák et al. 2009 . Petrášová et al. (2011) devoted a special attention to a detailed analysis of bryophyte species composition, as the moss layer plays an important role in the community structure of these vegetation types. Local phytosociological studies offering new relevés are thus significant tool for compilation of national data set, as there are still territories without any or with only few available relevés. This was primary reason for investigation of alder forest variability in the Ponitrie region ( Figure 1 ) which is characterized only by negligible and descriptive information about such vegetation (cf. Eliáš 1980 Eliáš , 2008 . The purpose of our vegetation study was (i) to identify the main types of alder forests in the study area by field sampling and numerical analysis, and (ii) to find environmental drivers responsible for variation in their species composition.
METHoDS
We studied black alder dominated forests in the western part of central Slovakia (Ponitrie region; Figure 1 ) following the principles of the zürich-Montpellier approach (Westhoff & van der Maarel 1973) . Phytosociological sampling of 19 vegetation plots was carried out in valleys consisting of diverse geological substrates in 2011. The cover of vascular plants and bryophytes was recorded using the Braun-Blanquet sampling scale extended by Barkman et al. (1964) . Phytosociological relevés were stored in a TURBovEG database (Hennekens & Schaminée 2001) and exported into Juice program (Tichý 2002) . Modified TWINSPAN algorithm (Roleček et al. 2009 ) was run for numerical classification with three pseudospecies cut levels (0%, 5%, 25%) and total inertia as a measure of cluster heterogeneity. The TWINSPAN division was accepted at the 3-cluster level following the outcomes of crispness curve method (Botta-Dukát et al. 2005) . This partition produced clusters which closely matched the established phytosociological units. The same species recorded in various layers (herb -E 1 , shrub -E 2 and tree -E 3 ) were merged prior to the analysis. Lists of diagnostic species for individual clusters were derived on the basis of frequency concept, i.e. the species considered as diagnostic needed to display a frequency above 50% in particular cluster, and the difference in frequencies among the clusters more than 40%. Two relevés relevés were plotted into the PCA ordination diagrams as supplementary variables and correlated to the relevé scores on the first two ordination axes using the Pearson correlation coefficient. The one-way ANovA and post-hoc Tukey HSD test was applied for multiple comparisons of environmental parameters in the STATISTICA software (StatSoft 2001) .
Soil samples were randomly taken in three places in sampling plot from the uppermost mineral horizon (0-10 cm depth, litter removed) and mixed to form a single sample per plot in order to reduce the soil heterogeneity. They were dried at a laboratory temperature, crushed and passed through a 2 mm sieve . Soil pH with partially outlying species composition (codominance of Carex elongata in the herb layer), which were merged with the floristically closest cluster in the numerical classification, were arbitrarily arranged in the text in order to simplify the results. The expert knowledge was used for their syntaxonomical interpretation. Subsequently, all the next analyses were performed without them.
The species-environmental relationships were quantified and tested by the linear ordination method (Principal component analysis; PCA) in CANoCo for Windows 4.5 package (ter Braak & šmilauer 2002) , as the length of gradient in the Detrended correspondence analysis was 2.56 SD units. Non-weighted Ellenberg indicator values (EIv) for vascular plants (Ellenberg et al. 1992) and selected environmental data (see Table 1 The nomenclature of bryophytes and vascular plants follows the checklist by Marhold & Hindák (1998) . The names of plant communities and their assignment into the higher units are in accordance with Jarolímek et al. (2008) . Full scientific name of vegetation units with the author's name and year of description were used in case when they were not presented in the above-mentioned paper.
RESULTS

Species composition patterns
Numerical classification led to delimitation of two main relevé's groups that correspond to the associations of Stellario nemorum-Alnetum glutinosae (cluster A) and Carici acutiformis-Alnetum glutinosae (cluster B; Table 2 ). They are characterized by distinctive floristic composition with clearly defined lists of diagnostic species. While mesophilous or slightly hygrophilous species are related to the stands of the cluster A, hygrophilous and marshland plants are typical for the forests of cluster B ( Table 2 ). The second level of TWINSPAN division separated relevés of cluster B into two floristically well-differentiated variants, namely variant with Ligustrum vulgare and variant with Galium palustre. Similar patterns in composition structure of data set were also found in the ordination analysis ( Figure 2 ).
Forest stands recorded within the association Stellario nemorum-Alnetum glutinosae are usually three-layered. The canopy closed tree layer is almost exclusively created by Alnus glutinosa, whereas the shrub layer is most often built up by Acer campestre and Corylus avellana ( Table 2 ). The forest understorey contains species typical for various environmental microhabitats. In more detail, forest mesophilous plants (e.g. Brachypodium sylvaticum, Circaea lutetiana, Pulmonaria officinalis agg.) constantly grow in combination with more or less hygrophilous (e.g. Caltha palustris, Impatiens noli-tangere) and nitrophilous species (Aegopodium podagraria, Galium aparine, Glechoma hederacea, Urtica dioica; Table 2 , Figure 2a ). The physiognomy of herb layer is determined by dominant presence of the Urtica dioica. other species such as Glechoma hederacea and Petasites hybridus reach higher cover values only occasionally ( Figure 3 ). Higher frequency is charac- teristic for mosses Brachythecium rutabulum and Eurhynchium hians. The species richness of this community, ranging from 29 to 52 species with a mean of 40 taxa per relevé, is significantly lower than the species number in both variants of Carici acutiformis-Alnetum glutinosae ( Table 1) .
The conspicuous feature in vertical structure of the community Carici acutiformis-Alnetum glutinosae is the homogenous tree layer composed of Alnus glutinosa and the species-rich shrub layer ( Table 2 ). The floristic spectrum depends on specific environmental conditions which are suitable especially for numerous hygrophilous and marshland species, including Angelica sylvestris, Caltha palustris, Carex remota, Lycopus europaeus, Lysimachia vulgaris, Myosotis scorpioides agg., Poa trivialis and Solanum dulcamara. The tall-sedge Carex acutiformis together with Impatiens noli-tangere and Caltha palustris most often alternate as dominant species in the forest understorey (Table 2, Figure 4 ). Unlike the constant water-tolerant species, mesophilous plants are presented only with lower frequency. In addition to the regular occurrence of species Plagiomnium undulatum, moss layer is locally formed by generalists of wet habitats (e.g. Atrichum undulatum, Plagiomnium affine s. lat.). In accord with the species composition pattern, we distinguished two alder forests at the level of variants. The Carici acutiformis-Alnetum glutinosae variant with Ligustrum vulgare consists of species-rich shrub layer including mainly species such as Acer campestre, Fraxinus excelsior, Ligustrum vulgare, Prunus spinosa and Swida sanguinea, whereas the stands of variant with Galium palustre encompass only weakly developed shrub layer. on the other hand, the herb layer of latter one is also enriched with ferns (Athyrium filix-femina, Dryopteris spec. div.) and moisturedemanding species (e.g. Cardamine amara, Juncus effusus, Persicaria hydropiper). These variants are equally species-rich with means of 58 and 63 taxa per relevé, respectively (Table 1 ). Alder carr forests with dominant Carex elongata are documented only with two phytosociological relevés given below. They exclusively settle waterlogged soils. Species composition of these stands reflects typical microrelief heterogeneity ( Figure 5) (Figure 2b, c) . The second PCA axis can be interpreted as an acidity gradient (Figure 2c ) following the strongest positive correlation with the soil pH (r = 0.69, P <0.01). Along this axis, there were scattered especially relevés of particular variants of the Carici acutiformis-Alnetum glutinosae. Multiple comparisons indicated only slight differences in environmental factors (Table 1 ), but they mostly coincided with the main gradients governing species composition in alder forest vegetation (Figure 2b , c). Alder carr forests confirmed expected relation on more hygrophilous sites with higher portion of open soil surface than riparian streamside vegetation of Stellario nemorum-Alnetum glutinosae.
DISCUSSIoN
The present study emphasized floristical and environmental differentiation of alder plant communities. The identified forest vegetation types belong to either alder carr forests of Carici acutiformis-Alnetum glutinosae and Carici elongatae-Alnetum glutinosae (Alnion glutinosae) or mesophilous floodplain forests of Stellario nemorum-Alnetum glutinosae (Alnion incanae). They differ in the species composition and in several ecological characteristics, e.g. water regime, soil properties and microrelief heterogeneity. Alder carr forests grow on permanently waterlogged soils with stagnant or very slow flowing water on soil surface (Ellenberg 2009). These conditions are favourable for occurrence of numerous moisture-demanding species including the marshland plants, spring specialists and common species of wet habitats ( Table 2 ). The higher light-requirements of the Alnion glutinosae vegetation (Figure 2b ) can be similarly addressed to the heavy and swampy soils, as these edaphic properties naturally control mosaic structure of the tree layer permitting more light penetration through the canopy (Douda 2008 . Analogous sites also showed higher portion of soil surface without any vegeta-tion (Table 1) what can be attributed to partial decline of water table in sampling period. In spite of such water fluctuation, soils remain still sufficiently moist. Although the significant impact of soil reaction on variability of alder forests has already been proven by Douda (2008) , acidity gradient was important environmental driver only for delimitation of two variants within Carici acutiformis-Alnetum glutinosae in study region. The unsupervised method of numerical classification (cf. Černá & Chytrý 2005) did not split meso-to eutrophic alder carr vegetation growing on periodically waterlogged soils (Carici elongatae-Alnetum glutinosae) from eutrophic black alder carr forests confined to colline areas (Carici acutiformis-Alnetum glutinosae). This mergence most likely results from small number of relevés with dominance of Carex elongata in the analysed data set. Both of these vegetation types belong to commonly recorded alder carr forests in Slovakia (e.g. Balázs 1996 , šomšák 2000 , kollár et al. 2005 . Plant communities with similar floristic structure and habitat preference are known from several Central European countries (Pott 1992 , Neuhäuslová 2000 , Willner & Grabherr 2007 , Borhidi et al. 2012 . Eutrophic black alder stands of low-lying damp and marshland localities have also been reported from the Pannonian Basin (Szmorad 2011 , Borhidi et al. 2012 and adjacent regions in the Western Carpathians (kliment & Watzka 2000) as Angelico sylvestrisAlnetum glutinosae. To achieve reliable resolution of its syntaxonomical position within the alliance Alnion glutinosae in Central European context and to clarify its relationship to Carici acutiformisAlnetum glutinosae, phytosociological synthesis of large-scale data set using numerical approach is necessary.
Floristic spectrum and higher cover values of species such as Caltha palustris, Carex appropinquata, C. elongata and Thelypteris palustris in relevé no. I is interesting from syntaxonomical point of view. There is well-established oligotrophic alder carr vegetation with marsh fern (Thelypteris palustris) in Europe (Prieditis 1993 , Willner & Grabherr 2007 . Although analogous forests have been recorded under different names, this community was firstly described as an association Thelypterido palustris-Alnetum glutinosae by klika (1940) from the Czech Republic. Species-poor herb layer, acidophilous and mire plants along with Sphagnum species, which are completely lacking in our relevé, represent diagnostic features of this association (cf. klika l. c., Douda 2008) . Their absence in combination with constant presence of typical marshland species indicates its relation to the Carici elongatae-Alnetum glutinosae.
Habitat qualities of the riparian streamside forests are strongly influenced by periodic floods during the spring and by markedly declining water table in vegetation period (Neuhäuslová 2000 , Ellenberg 2009 ). Seasonal fluctuation of groundwater table, affecting large variability in soil moisture, results in mixed appearance of forest mesophilous and slightly hygrophilous species (Table 2 ) typical for the association Stellario nemorum-Alnetum glutinosae (Neuhäuslová & kolbek 1993) . It belongs to the most frequently documented Alnion incanae community in the colline and submontane zones of Central Europe (Pott 1992 , Willner & Grabherr 2007 , Douda 2008 , Matuszkiewicz 2012 , including also Slovakia (e.g. Miadok 1978 , kontriš 1981 , Hrivnák et al. 2009 ). In Hungarian phytosociological literature, analogous forest vegetation type has usually been mentioned as Aegopodio-Alnetum glutinosae v. kárpáti, I. kárpáti et Jurko ex šomšák 1961 (e.g. Borhidi et al. 2012) . Although this association's name was several times used for the riparian alder vegetation on mesic to humid sites along small brooks in Slovakia as well (šomšák 1961 (šomšák , kárpáti et al. 1963 (šomšák , Balázs 1996 , preliminary analysis of our own data with those published in the above-mentioned botanical studies indicates certain overlapping with Stellario nemorum-Alnetum glutinosae in terms of species composition, physiognomy and ecology. However, to create consisting and unambiguous classification of Slovak alder woodlands, the existing relevé material from various authors should be used in accordance with the nomenclatural rules in comparative analysis (cf. Slezák et al. 2013 ).
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